Immobilization hypercalcemia (IH) 
Introduction
Immobilization hypercalcemia (IH) was first described in 1941 by Albright in a teenager with fracture [1] . IH may be seen after orthopedic fractures, spinal cord injury, Guillain-Barré syndrome, polio and in astronauts after exposure to microgravity in space [2] [3] [4] [5] . The increased incidence in older children and adolescents is related to the rapid bone turnover that accompanies growth, whereas that in males is possibly because of their greater bone mass compared to females [3, 6] . This disorder is more common in patients with quadriplegia than it is in persons with paraplegia [7] . In the elderly population, IH is usually a sequela of cerebrovascular accident [8] .
The mechanism of IH is not yet fully understood. It is believed that muscle activity transmits a bone formation signal through the osteocyte. With immobilization, the mechanical stimulation for bone formation caused by muscle activity is reduced (mechanostat theory), leaving resorption unopposed [9] . Another scenario for IH is the acidic environment created by low blood flow that may impair mineralization of bone [10] . IH stimulates osteoclastic bone resorption. This process causes calcium loss from the bones and hypercalciuria.
Hypercalcemia develops when the efflux of calcium from bone exceeds the capacity of the kidney to excrete calcium. Immobilized patients with preexisting states of high bone turnover (in particular, adolescents and patients with Paget's disease, thyrotoxicosis or primary hyperparathyroidism), and/or reduced renal function are at the risk of developing severe hypercalcemia [3, 11, 12] . Patients with IH have increased rates of bone resorption as shown by elevated urinary hydroxyproline/creatinine ratios (>0.033) and elevated calcium/creatinine ratios (>0.50) [13] . 
Case Report
A 19 year-old male adolescent was referred to our outpatient clinic by a family physician due to hypercalcemia detected in his biochemical tests. The patient was quadriplegic caused by spinal trauma after diving into shallow water. He had been bedridden for 3 years. At presentation, the patient had some vague symptoms due to hypercalcemia such as fatigue, nausea, vomiting, anorexia, constipation and dehydration. His physical examination showed a decubitus ulcer 3x4 cm in size in the sacral region. Laboratory workup revealed hypochromic, microcytic anemia. Additionally, serum calcium was found to be elevated whereas intact parathyroid hormone and 25-0H vitamin D levels were lower than normal levels. 24-hour urine calcium was also elevated. Thyroid and adrenal function tests were in normal limits (Table 1) . Abdominal ultrasonographic examination did not show nephrolithiasis. The patient was hospitalized for the treatment of hypercalcemia.
Mobilization of the patient was not possible; thus, the patient was treated with several liters of normal saline each day to expand intracellular volume and to obtain immediate increase in renal clearance of calcium. The urine was acidificated. High fluid and low calcium intake were also recommended. A passive exercise programme was started for the patient. His serum calcium levels were monitored and gradual decline was observed daily. On the seventh day of hospitalization, serum calcium level decreased to 9.9 mg/dL. During his stay, the patient was also followed by plastic surgery specialists and ulcer care was performed daily. His oral food intake was supported by enteral feeding solutions and iron replacement drugs were also added to the diet. Mobilization of the patient is the primary therapy for IH, but mobilization was not possible for our patient. So, the patient was discharged after normalisation of serum calcium levels and referred to another hospital to participate in a physical therapy programme for rehabilitation of quadriplegia.
Six weeks after his discharge, his calcium level remained within normal range. The patient, his family, and also his family physician were advised to check serum calcium level monthly.
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Discussion
IH is more common in children and adolescents due to increased rate of bone turnover and it usually develops 4-6 weeks after trauma but it can begin as early as 2 weeks and as late as six months [11] .
In the presented case, we have hydrated the patient with intravenous (IV) normal saline.
Saline expands the extracellular fluid volume, increases the glomerular filtration rate, and increases the excretion of calcium in the urine. If intravenous saline (with or without furosemide) fails to control hypercalcemia, a second line of medications is usually is needed [15] [16] [17] . When the hypercalcemia is severe, initial administration of calcitonin can be used.
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A Rare Cause of Hypercalcemia: "Immobilization" Administration of calcitonin effectively decreases the serum calcium concentration but its effect is known to be limited to a few days only because of development of tachyphylaxis [18] . At present, calcitonin is not available in our country. As shown by our case, saline administration alone can control hypercalcemia in some patients, but it needs to be used for the duration of the increased mobilization from bone. In our patient hypercalcemia was improved by saline infusion, but we planned to monitor serum calcium levels periodically. If isotonic saline infusion was not sufficient to decrease serum calcium concentrations we would need to use other treatment choices such as bisphosphonates [4, 11] .
Pamidronate disodium is a bisphosphonate which acts by inhibiting osteoclast-mediated resorption and by reducing osteoclast viability and it is approved for the treatment of hypercalcemia of malignancy. The drug is administered as a single intravenous (IV) dose and rapidly lowers serum calcium within 3 days [13, 19] . Zoledronic acid is another bisphosphonate approved for the treatment of hypercalcemia of malignancy. In randomized clinical trials, zoledronic acid was more effective than pamidronate in lowering serum calcium levels, with a longer duration of action [20] . Aledronate, ibandronate and etidronate are other bisphosphonates that can be used for the treatment of IH which act by inhibiting bone resorption [4, 8, 15, 21] .
Gallium and plicamycin have been used to treat hypercalcemia of malignancy, but these compounds have not been used in IH [21, 22] .
The receptor activator of nuclear factor kappa-B ligand (RANKL) is a protein that acts as the primary signal for bone removal. In many bone loss conditions, RANKL overwhelms the body's natural defenses against bone destruction. Denosumab is designed to inhibit RANKL [23] . Unlike bisphosphonates, denosumab is not contraindicated in patients with renal insufficiency, and the effect is much more prolonged than that of calcitonin. However, clinicians should be aware that considerable hypocalcemia may develop rapidly after administration of denosumab, and perhaps the initial dose of denosumab should be lower than the dose used for other indications [24] .
